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RADIOATJTOGRAPHIC EVIDENCE OF DNA SYNTHESIS IN WELL-
DIFFERENTIATED CELLS OF HUMAN SKIN PAPILLOMAS
(Verrucae Vulgares) *
ABDEL L. RASHAD, M.D., PhD.t
ABSTRACT
Thin tissue slices from cutaneous papillomas of 10 patients and from normal skin of 3
patients were exposed to thymidine-H' in vitro for 3—5 hours, and processed for radio-
autography. An abnormal pattern of thymidine-H° incorporation was detected in the
papillomas. All of the 10 tumors showed label in the nuclei of the superficial well-differ-
entiated granular cells as well as in basal and spiny cells. Within the granular layer
there was a tendency for the labeled cells to occur in foci. The label in the normal skin
was restricted to the basal and parabasal cells. Mitotic figures were detected only in the
basal and parabasal cells of the papillomas and epidermis. The proportion of basal cells
labeled varied from 2.6—13 per cent in the tumors; in the normi epidermis it was about
4.5 per cent.
Six of the 10 papillomas were examined under the electron microscope and virus par-
ticles morphologically typical of those previously found by others were demonstrable in
all 6 tumors.
We have previously reported DNA synthesis in granular cells of virus-induced papil-
lomas of rabbits, bovines and canines, but we did not find thymidine-H3 incorporation
into granular cells of chemically-induced papillomas. The available evidence is consistent
with the concept that the causative papilloma virus is responsible for the synthesis of
DNA in the well-differentiated granular cells. Whether this new DNA, is virus DNA,
virus-induced cellular DNA or both, is unknown. However, there seems to be no plausi-
ble alternative to the concept that it is the result of virus-directed DNA synthesis. Ab-
normal DNA synthesis may be a useful marker for detecting masked viruses in some
types of tumors in which well-differentiated cells incapable of mitotic division can be
identified.
Studies in our laboratory on papillomas of
rabbit skin have shown that the sites of DNA
synthesis in tumors induced by the Shope virus
were different from those in the chemically-
induced papillomas (1). In Shope papillomas,
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radioautographic evidence of DNA synthesis
was found in basal, spiny, and well-differen-
tiated granular cells. Similar findings have also
been obtained in other viral papillomas of
canines and bovines. The synthesis of DNA,
however, in the chemically-induced tumors and
in the normal epidermis was restricted to the
basal and adjacent parabasal cells. In a previous
paper we presented evidence in support of the
conclusion that the Shape papilloma virus was
responsible for the synthesis of DNA in the
nuclei of the granular cells of rabbit papil-
lomas (1).
The purpose of the present study was to de-
termine the sites of DNA synthesis in the viral
papillomas of human skin. The results described
in this paper show that the pattern of DNA
synthesis in 10 cutaneous human papillomas
was similar to the virus-induced animal tumors.
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MATERIALS AND METHODS
In vitro exposure to thymidine-H3
The papillomas, typical verrucae vulgares, were
obtained from 10 human volunteers; 7 males and
3 females. Normal skin was derived from one
young adult having cutaneous papillomas and
from 2 other elderly persons suffering from skin
carcinomas. Surgical excision of the papillomas
and skin was performed under local anesthesia and
the tissue was immediately washed in Hank's
balanced salt solution, pH 72 (BSS). Each tumor
was cut into slices, 1—2 mm thick, by means of a
scalpel. One portion was stored in 50% buffered
glycerin, pH 72, at —40° C for studies with the
electron microscope. The rest of the tissue slices
were incubated at 37° C in a 50 ml flask contain-
ing 10 ml of nutrient medium with 1.5 /LC thymi-
dine-methyl-H3 (specific activity 6.7 c/mmole,
New England Nuclear Corp., Boston, Mass.) per
ml for a period of 3—5 hours in an atmosphere of
95% O and 5% CO2. The medium used was
Eagle's minimum essential medium supplemented
with 10% normal calf serum and containing 40
units of penicillin and 40 sg streptomycin per ml.
At the end of the incubation period, the tissue
slices were picked up gently by a non-toothed
forceps and washed twice in BSS before immer-
sion in buffered neutral formalin. After 2—7 days
of fixation in formalin at 4° C, the tissue was
processed in the usual way, embedded in paraffin,
and sections were cut at 5 .
Radioautography
The first 30—40 serial sections cut from each
paraffin block were mounted in an orderly fashion
on 8 slides, and were used for preparing radio-
autographs. Previous studies by Johnson and
Bond (2) have shown that following in vitro ex-
posure to thymidine-H3, most of the labeling oc-
curred in the peripheral zone of the tissue slices.
Similar studies in our laboratory have shown good
labeling through the outermost 250 e of papilloma
fragments.
The tissue sections were coated by dipping the
slides in a mixture containing 3 parts of NTB3
nuclear track emulsion (Eastman Kodak Co.,
Rochester, N. Y.), and 1 part of distilled water.
The slides were stored for 3 weeks at 4° C, devel-
oped in Dektol, and stained with hematoxylin and
eosin.
Electron microscopy
A modification of the negative staining tech-
nique was used for the electron microscopic ob-
servation of virus particles in the papillomas.
Details of the procedure have been published pre-
viously (3). Tumor tissue fragments were teased
apart in a watch glass containing 2% sodium phos-
photungstate by means of a sharp pointed forceps.
Fine particulate material that floated on the sur-
face was collected on carbon-coated grid and
examined in an electron microscope.
RESULTS
Clinical characteristics of papillomas
Table I shows some clinical characteristics of
10 cutaneous papillomas. The tumors were
located on the fingers in 5 patients, on the legs
in 2 patients, and in the remaining 3 patients
they were on the forearm, wrist and foot. Two
of the patients were less than 10 years of age, 5
were between 10 and 20 years and the other 3
patients were 22 to 27 years of age. Three of the
papillomas had been present less than 1 year
and 5 were said to be of 1 year's duration. The
other 2 papillomas had been present 1.5 and 5
years. Only 4 patients had a previous history
TABLE I
Clinical data and results of electron microscopy of the cutaneous papitlomas
Case No. Age (Years) Sex Location ofpapillonia
Duration of
papilloma (years)
Previous history
of local
treatment
Virus particles3
R-819 15 Male Finger jV Yes Present
R-820 17 Male Finger 1 No Present
R-821 27 Male Finger 1 No Present
11-822 18 Male Finger 1z No Present
R-823 13 Male Wrist 1 No Present
R-852 8 Female Leg jz No Present
R-853 22 Female Finger 5 Yes Not tested
R-854 6 Female Toe /4 Yes Not tested
R-855 22 Male Leg 1 No Not tested
R-856 15 Male Forearm 1 Yes Not tested
* Demonstrated under the electron microscope.
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TABLE II
Distribution of label in various cell layers of
papillomas ond skin
Label in
* Number of fragments with label/Total num-
ber of fragments tested.
of local treatment. These 4 patients stated that
they applied an irritant solution to the papil-
lomas, but the tumors did not disappear. The
liquid was last applied at 1, 2, 6 and 12 months
prior to the surgical excision of the papillomas
from cases 11-819, R-854, 11-856 and 11-853 re-
spectively.
Demonstration of virus by electron
microscopy
The first six papillomas were subjected to
electron microscope examination. Virus particles
with the characteristics of human wart virus
were detected in negatively stained prepara-
tions from all 6 tumors. Details of this study
have been reported in a previous communica-
tion (3).
Distribution of label in various cell layers
of the papillomas and epidermis
A total of 16 papilloma tissue fragments
from 10 different patients and 3 skin fragments
were exposed to thymidine-il' in vitro. As
shown in Table II, label indicative of DNA syn-
thesis was detected in the nuclei of basal, spiny
and granular cells of 15 tumor fragments. In
the 16th fragment, the label was found only
in the basal and spiny cells. Another fragment
from this same tumor (R-819), however,
showed labeled nuclei in all 3 cell layers. The
distribution of label in the papillomas is illus-
trated in Figures 1 and 2.
A single skin biopsy taken from 1 of the pa-
tients who provided a tumor (R-855) was re-
moved from an area adjacent to the papilloma.
On histologic examination, there was a moder-
ate degree of acanthosis and hyperkeratosis in
the epidermis and the label as illustrated in
Figure 3 was detected only in the basal and
parabasal cell nuclei. The label in normal skin
derived from 2 other persons was also con-
fined to basal and parabasal cells and was not
found in the well-differentiated superficial cells
of the granular layer. Mitotic figures were
present only in basal and parabasal cells of the
papillomas and normal epidermis; none was de-
tected in the granular layer.
Table III shows the percentages of labeled
basal cells in 5 papillomas and 3 skin tissue
fragments. These were selected for quantitative
study because a reasonably good number of
cells could be identified in the basal and
granular layers. In order to eliminate varia-
tions due to differences that might exist in the
extent of thymidine-H° incorporation between
superficial and deep portions of the tissue
fragments, analysis was performed in all cases
on serial section number 35. Marked variations
were observed among the different tumors in
the percentages of labeled basal cells; the
range was 2.6 to 13.0 and the mean value was
7.6.
In the normal epidermis, label was present
in approximately 4.5% of the cells in the basal
layer. It is of interest to note that the propor-
tion of labeled basal cells in some of the papil-
lomas was below that found in the epidermis.
Furthermore, in one instance (R-855) the
proportion of labeled basal cells in the papil-
loma was equal to that found in the adjacent
acanthotic epidermis.
Focal distribution of labeled cells
within the granular layer
of papillomas
The label was present in some and absent
from other areas of the granular layer of the
Tissue
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Skin, acan-
thotic
Skin,
normal
Skin, nor-
mal
case
No.
11-819
R-819
R-820
11-820
R-82l
11-822
11-822
11-823
11-852
11-853
11-854
R-855
11-856
11-855
S-439
S-442
No.
tissue
frag-
ments
tested
1
1
1
1
1
2
1
1
2
1
1
1
2
1
1
1
In vitro
exposure
to thy-
midine-
H°
(hours)
3
5
3
5
3
3
5
3
4
4
4
4
4
4
4
3
Basal Spiny
1/1* 1/1 0/1
1/1 1/1 1/1
1/1 1/1 1/1
1/1 1/1 1/1
1/1 1/1 1/1
2/2 2/2 2/2
1/1 1/1 1/1
1/1 1/1 1/1
2/2 2/2 2/2
1/1 1/1 1/1
1/1 1/1 1/1
1/1 1/1 1/1
2/2 2/2 2/2
1/1 0/1 0/1
1/1 0/1 0/1
1/1 0/1 0/1
FIG. 1. A radioautograph of a human wart illustrating the presence of labeled nuclei in
the basal and spiny cells as well as in well-differentiated cells near the surface. The tissue
was exposed to thymidine-H8 in vitro for 5 hours. X200
FIG. 2. A radioautograph of a human wart following in vitro exposure to thymidine-H8
for 5 hours. Labeled nuclei are present in the basal, spiny and superficial cell layers. X200.
FIG. 3. A radioautograph of human skin removed from an area adjacent to a wart. The
skin was exposed to thymidine-H3 in vitro for 4 hours. Labeled nuclei are found only in the
basal and parabasal eells. X200.
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TABLE III
Percentage of labeled cells in basal cell layer of
papillomas and normal epidermis
* Percentages were determined by counting a
minimum of 1000 total basal cells except in the
case of R-823 papilloma in which the total number
of basal cells found in the entire tissue section
was 464.
CHART 1. Distribution of labeled cells in succes-
sive oil immersion fields of the granular layer of
skin papillomas.
papillomas. There was a tendency for the
labeled nuclei to cluster in foci in the granular
cell zone.
Chart 1 illustrates the distribution of labeled
cells in successive oil immersion microscopic
fields (O.I.F.'s) of the granular layer of 4 dif-
ferent papillomas. Analysis in all cases was
performed on serial section number 35. The
entire granular layer in each tumor was
examined in an orderly fashion under the oil
immersion lens starting from one end and pro-
ceeding towards the other end of the fragment.
The label was absent from over 60% of the
O.I.F.'s of the granular layer of R-820, R-856,
or R-855 papillomas. In the case of R-823
papilloma, only 24% of the O.I.F.'s were de-
void of label. The clustering of labeled cells
within the granular layer is shown in Chart 1.
For example, in papilloma R-855 all of the
labeled granular cells were found in 3 foci, with
no label in the intervening portions of the
granular layer. In R-856 the labeled cells were
concentrated in one major focus represented by
O.I.F.'s numbered 21—32. Within these fields
31% of all granular cells were labeled.
DIscUssroN
The present study demonstrated that the
pattern of thymidine-118 incorporation in the
human cutaneous papillomas was abnormal. It
was different from that found in the normal
epidermis and similar to what we have de-
scribed previously in other viral papillomas of
rabbits, canines and bovines (1, 4). The unique
feature that characterizes a virus-induced papil-
loma is the occurrence of DNA synthesis in the
nuclei of the superficial well-differentiated
granular cells. This does not occur in normal
stratified squamous epithelia nor in chemi-
cally-induced papillomas.
It would be of interest to know what mecha-
nisms induce the synthesis of DNA in the nuclei
of the well-differentiated granular cells of the
viral papillomas of man and other animals in
the absence of any mitotic activity. One possi-
bility is that the label in the granular cells is
an outcome of the migration of cells from the
basal layer subsequent to becoming labeled. Be-
cause the labeling of the human papilloma was
done in vitro, the time spent by a basal cell to
reach the granular layer could not be deter-
mined, It appears unlikely, however, that a
basal cell could travel from the basal layer to
the granular layer of the human skin papilloma
during the 3-hour period of in vitro exposure
to thymidine-3H. Our in vivo thymidine-'H
study of the rabbit skin papilloma induced by
the virus of Shope, has shown that 3 days were
required on the average for the migration of a
Case
No.
R-820
R-820
R-823
R-855
R-856
R-855
S-439
S-442
Tissue
Papilloma
Papilloma
Papilloma
Papilloma
Papilloma
Epidermis,
ac anthotic
Epidermis,
normal
Epidermis,
normal
Serial
section
no.
35
35
35
35
35
35
35
35
In vitro
exposure
to thy-
midine-H'
(hours)
3
5
3
4
4
4
4
3
Percent
basal
cells
labeled*
10.5
8.0
13.0
4.0
2.6
4.0
4.3
4.7
5 10 15 20 2C 30 35 40 45
Successive microscopic oil in, rnersion fields of
the granular layer
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cell from the basal layer to the granular layer
(5).
A second possibility is that cellular DNA
synthesis occurs without subsequent mitosis.
Our finding, however, that the DNA synthesis
occurs only in the granular cells of the virus-
induced papillomas but not in the correspond-
ing cells of chemically-induced papillomas nor
in the normal epidermis argues against this
mechanism.
The most reasonable explanation is that the
virus is responsible for the synthesis of DNA in
the well-differentiated cell nuclei of viral papil-
lomas of man and animals. If this is the ease,
the new DNA may be either viral DNA or
cellular DNA. The fact that both virus par-
ticles (6, 7, 8) and virus coat proteins (9, 10,
11) have been demonstrated in these cells may
suggest that viral DNA synthesis is occurring.
However, synthesis of cellular DNA, has been
noted to occur in cells infected with 2 other
papovaviruses, polyoma and SV(12, 13, 14,
15). A combination of both virus DNA and
virus-induced cellular DNA synthesis is also
possible and this might occur either in the same
cell or in different cell nuclei.
The focal distribution of label observed in
the granular layer of the human skin papil-
lomas may be attributed to the occurrence
within that layer of foci of virus-infected cells.
From a quantitative study of the amounts of
DNA in the nuclei of viral papillomas of
human skin, Bloch and Godman (16) con-
cluded that infection with the causative virus
stimulated marked intranuclear synthesis of
DNA.
Regardless of whether the newly synthesized
DNA in the well-differentiated granular cells of
viral papillomas is viral or cellular DNA, it is
clearly a result of the presence of virus. It is
appropriate therefore to refer to it as "virus-
directed synthesis". A search for virus-directed
DNA synthesis may be useful for screening
certain types of human tumors, particularly
those containing well-differentiated cells that
are incapable of mitotic division. We were able
to demonstrate an abnormal pattern of thy-
midine-H' incorporation in 16 laryngeal papil-
lomas of children. The label could be detected
in the well-differentiated superficial cells as
well as in the basal and parabasal cells; this will
be the subject of a separate communication.
Several pieces of evidence in support of the
virus etiology of the juvenile laryngeal papil-
loma have already been reported (17, 18, 19).
An abnormal pattern of DNA synthesis has
been found in certain lesions of the human
colon (20, 21) and uterine cervix (22, 23, 24).
Of particular interest are the reports on
cervical dysplasia, a lesion known to contain
well-differentiated cells, describing the occur-
rence of DNA synthesis throughout the entire
thickness of the epithelium, and even in cells on
the surface (23, 24). The possibility that such
an abnormal DNA synthesis is virus-directed in
nature should be seriously considered.
Our results showed a great variation in the
proportion of labeled basal cells in the different
papillomas. This may be due to variations in
the rate of cell proliferation unrelated to the
presence of virus. One cannot exclude, how-
ever, that the observed differences might result
from the occurrence of variable amounts of
virus directed DNA synthesis in the basal cells
of the papillomas. The finding of label in ap-
proximately 4.5% of the basal cells of normal
epidermis is in agreement with other studies.
Epstein and Maibach (25) found that 4.9% of
the germinative cells in the normal human
epidermis were labeled within 40 minutes after
intradermal thymidine-H3 injection. Fukuyama,
et al. (26) in an in vitro thymidine-H2 uptake
study, reported that the number of labeled
cells in human verrucous lesions was higher
than that in the epidermis. The authors, how-
ever, did not mention what types of cells were
labeled in the papillomas nor did they state
the number of cases examined.
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